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ABSTRACT 
This study examined the load-velocity and load-power relationships among 20 young 
(age 21.0 ± 1.6 y) and 20 middle-aged (age 42.6 ± 6.7 y) resistance trained males. 
Participants performed three repetitions of bench press, squat and bent-over-row 
across a range of loads corresponding to 20 to 80% of one repetition maximum 
(1RM). Analysis revealed effects (P < 0.05) of group and load x group on bar velocity 
for all three exercises, and interaction effects on power for squat and bent-over-row 
(P < 0.05). For bench press and bent-over-row, the young group produced higher 
barbell velocities, with the magnitude of the differences decreasing as load increased 
(ES; effect size 0.0 to 1.7 and 1.0 to 2.0, respectively). Squat velocity was higher in 
the young group than the middle-aged group (ES 1.0 to 1.7) across all loads, as was 
power for each exercise (ES 1.0 to 2.3). For all three exercises, both velocity and 
1RM were correlated with optimal power in the middle-aged group (r = .613 to .825, 
P < 0.05), but only 1RM was correlated with optimal power (r = .708 to .867, P < 
0.05) in the young group. These findings indicate that despite their resistance 
training, middle-aged males were unable to achieve velocities at low external loads 
and power outputs as high as the young males across a range of external 
resistances. Moreover, the strong correlations between 1RM and velocity with 
optimal power suggest that middle-aged males would benefit from training methods 
which maximise these adaptations. 
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INTRODUCTION 
 
Current demographic trends indicate that the number of middle-aged people (30 to 
59-year-olds) in the U.K. is increasing (33), with the expectation that the number will 
rise from 25.7 million in 2014 to 26.3 million in 2020. Improvements in medical care 
and a greater appreciation for factors that enhance longevity are said to contribute to 
these demographic changes (5). Alongside this transformation is the growing 
number of middle-aged athletes (42), who, despite the inevitable declines in athletic 
ability owing to the ageing process (5, 42), strive to maintain or improve their athletic 
performance. Examples of such age-related declines have been documented by 
Pantoja, Villarreal, Brisswalter, Peyre-Tartaruga and Morin (34) who reported an ~ 
1% decline per year between the ages of 25 and 96 years in maximal velocity and 
power outputs during a 30 m sprint, and by Baker and Tang (5) who noted a 25% 
difference in weightlifting performances (World Records) of those in 30- and 60-year-
old age categories.  
 
Impairment in athletic performance as an athlete ages is largely due to the age-
associated changes in muscle quality illustrated in muscle atrophy (i.e. sarcopenia; 
30) and a loss of muscle strength and power (i.e. dynapenia; 11, 21). Early work by 
Frontera and colleagues (17) suggested that sarcopenia was a major factor when 
explaining dynapenia. However, more recent longitudinal and cross-sectional 
research has indicated that sarcopenia cannot fully account for the loss of strength 
and power with ageing (18, 36), which instead is thought to be related to an impaired 
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contractile velocity (36), an increase in non-contractile tissue (i.e. infiltration of fat 
into the muscle; 18) and fascicle length (29), impaired ATPase activity in a given 
fibre (25), excitation-contraction ‘uncoupling’ (35), a decrease in the number of motor 
units (10) and an impaired ability to activate the surviving motor units (24). 
 
Losses in power with ageing are well established (11, 21, 36). For example, during 
elbow and knee flexion and extensions, older males (56 to 79 years) produced lower 
power than their younger (18 to 31 years) counterparts at both slow (1.05 rad·s) and 
fast (3.14 rad·s) movement velocities (11). Though, because Candow and 
Chilibeck’s (11) group was healthy, but not physically active, the older group might 
have been more susceptible to these age-associated decrements. When activity 
levels, but not resistance training, were matched between young (23.1 ± 1.2 years) 
and old (61.8 ± 2.6 years) males, these age-associated differences were found to 
remain (31). During more complex multi-jointed tasks (i.e. bench throws and 
countermovement jumps) performed by habitually active males, Izquierdo et al. (21) 
also observed an impaired upper- and lower-body power production in older (65.0 ± 
4.1 years) compared to middle-aged (42.0 ± 2.9 years).  
 
Regarding the factors which might contribute to power, studies by Bean and 
colleagues (7, 8) determined that leg strength was highly correlated (r = 0.89 and 
0.76, respectively) with lower-body power in 72.7 (± 4.6) and 74.1 (± 6.6) year olds, 
respectively. That similarly high correlations have also been documented in young 
populations (4), highlights the importance of strength to power production regardless 
of age (3). However, despite power being a product of force and velocity, and 
Petrella and colleagues (36) suggesting that age-related decreases in power are 
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caused by impaired contractile velocity, no study has established the nature of the 
relationship between power and velocity specifically in middle-aged males. Such 
information would elucidate some of the variables (i.e. strength and velocity) that 
contribute to power in middle-aged males and thus have practical implications for 
future training models. 
 
The literature on ageing and power is typically health-related and incorporates 
cohorts of people aged 60 years and above, many of whom neither play sport nor 
resistance train. As such, the differences in power between the young and old 
populations are unsurprising. From the perspective of strength and conditioning 
practitioners who coach athletes of all ages, it would be helpful to know if these 
findings extend to middle-aged males who habitually resistance train and play sport. 
If these age-associated reductions are still present in such people, it could be 
problematic for those who want to be competitive, given the importance of power for 
many sporting tasks in general, and playing standard in particular (3, 39). However, 
as no study has investigated this, the purpose of this study is to provide a detailed 
analysis of the load-velocity and load–power relationships during multi-jointed 
exercise in young (18 to 25 years) and middle-aged (35 to 55 years) males who 
regularly resistance-train (for a minimum of two years). A further aim is to determine 
the relationship of strength and velocity to power output in these age groups to 
elucidate the factors which contribute to power in resistance trained middle-aged 
males. 
 
METHODS 
Subjects 
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Twenty young (21.0 ± 1.6 years) and 20 middle-aged (42.6 ± 6.7) males, with a 
minimum of two years of resistance training (4.5 ± 1.1 and 16.9 ± 11.4 years for 
young and middle-aged groups, respectively), were recruited via convenience 
sampling from the University population and local gymnasia for this study. Thirty-five 
years was selected as the lower boundary for the middle-aged group because it is 
the entry age for ‘Masters’ athletes (see British Masters Athletic Federation and 
World Masters Athletics). As age-related studies typically use older groups (60 years 
and over), 55 was selected as the upper-limit for the middle-aged group. A sample 
size of 38 (19 per group) was estimated using G*power 3.1 (14) based upon an 
effect size, alpha error probability and power of 1.1 (as observed between groups by 
Aoki and Demura (2) for handgrip power at 50% maximal voluntary contraction), 0.05 
and 0.95, respectively. All participants used the bench press (BP), squat (SQT) and 
bent-over-row (BOR) as part of their training programmes. Participants completed a 
pre-test health questionnaire and provided written consent for the study, which was 
approved by the Ethics Committee of the Faculty of Life Sciences at the University of 
Chester. Participants were instructed not to consume any ergogenic supplements 
(for example, caffeine) on the day of testing and to refrain from strenuous exercise in 
the three hours before testing. If it did not conflict with the current study, participants 
continued their normal training programmes. Moreover, discussions with participants 
before testing revealed no symptoms of perceived muscle soreness or weakness. 
 
Study Design 
This study comprised a mixed factorial design in which two groups of participants 
attended the laboratory on two occasions and provided repeated measures during 
three resistance exercises. On the first visit, anthropometric measurements of 
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stature, body mass and body composition were recorded, followed by assessments 
of maximal strength on BP, SQT and BOR, and familiarisations to the measures of 
barbell velocity and power. Participants were considered ‘familiarised’ when they 
could complete three consecutive repetitions that produced power within ±10% of 
each other (6). Participants returned to the laboratory 48 hours later to complete 
three repetitions of BP, SQT and BOR at loads corresponding to 20 to 80% one 
repetition maximum (1RM; at 10% 1RM increments) in a randomised order for both 
exercise and load. 
 
Procedures 
Biometric measurements 
Body mass and stature were determined using digital scales (Seca 813, Hamburg, 
Germany) and a wall-mounted stadiometer (Harpenden, Holtain, Crymych, Dyfed, 
UK), respectively. Body density (Db) was estimated via skinfold measurements 
(Harpenden, British Indicators, Burgess Hill, UK) taken at the tricep, abdominal, 
suprailliac and mid-thigh sites and incorporated into the Jackson and Pollock (22) 
equation: 
 
Db = (0.29288 x  skinfolds) – (0.0005 x  skinfold2) + (0.15845 x age) – 5.76377 
 
Body fat percentage (%BF) was derived from Db using the Siri (40) equation: 
%BF = [(4.95/ Db) – 4.5] x 100 
 
From this quantities (kg) of fat-mass (FM) and fat-free mass (FFM) were derived to 
determine any age-associated differences in body composition between the groups. 
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Training history 
Participants completed a questionnaire that required them to detail how many years 
they had participated in regular resistance training, their weekly training frequency 
and session duration, and the main reason for their training. This information was 
collected to help elucidate any age-related differences that might be observed. 
Strength testing 
Participants’ maximum strengths on the BP and BOR exercises were assessed 
directly using a standardised 1RM protocol (41). For safety reasons, 1RM for SQT 
exercise was predicted via a five-repetition maximum (5RM) protocol as outlined by 
Reynolds, Gordon and Robergs (37) using the equation:  
1RM (kg) = 1.0970 x (5RM weight [kg]) + 14.2546 
  
The above equation was reported to yield accurate 1RM predictions (R2 = 0.988, 
standard error of estimate = 13.51 kg). 
 
Assessment of peak power and velocity 
Peak power and velocity were assessed during the three exercises at loads 
corresponding to 20, 30, 40, 50, 60, 70 and 80% 1RM. Loads were applied in a 
randomised order with measurements of peak velocity and power recorded using a 
FitroDyne rotary encoder (Fitronic, Bratislava, Slovakia) attached directly under a 
Smith machine bar (Smith Machine standard, Perform Better, Leicester, UK) by its 
nylon cable. The FitroDyne measures rate of displacement and thus assumes that 
the nylon cord is moving in a vertical plane. Any deviation from this plane could 
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increase measurement error. As such the Smith machine was employed as it 
restricts the movement of the nylon cord to the vertical plane only. The FitroDyne is 
deemed to provide a reliable marker of moderate changes in peak power and 
velocity during the selected exercises (15). 
 
For the BP exercise, the participant held the bar with a prone grip and lowered it to 
his chest, before maximally pushing it until full elbow extension. For the SQT 
exercise, with the bar positioned across their shoulders participants descended until 
their hips were below the knee joint and then ascended as rapidly as possible until 
their knees were at full extension. A bench was employed to ensure that each 
participant attained the same depth and range of motion on each repetition. During 
BOR exercise the participant commenced in a bent-over position (i.e. back angle of 
approximately 45º), before pulling the bar maximally until the elbows reached full 
flexion. For all exercises participants were instructed to perform the eccentric phase 
in a controlled manner and the concentric phase as rapidly as possible. Three 
repetitions of each exercise were performed at each load with self-selected rest 
intervals that were capped at 90 s, but ranged from 30 to 90 s. Rest times were self-
selected as lighter loads did not require the same recovery time. Peak velocity 
values were recorded from which peak power (W) was calculated (load x 980 cm·s-1 
x velocity). For each exercise the load that represented maximal power was deemed 
the optimal load. Total peak power was calculated as the sum of peak power values 
of all seven loads.  
 
Statistical Analyses 
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Comparisons of categorical training history variables (i.e. weekly training frequency, 
session duration and reason for training) by group were made using a Chi-squared 
(2) test of association. Categorical data was deemed to show significant trends if P 
< 0.05. Biometric variables and training years were analysed via an independent t 
test. Peak values of velocity and power were averaged for the three repetitions at 
each load and their distributions checked for normality and homogeneity of variance 
using the Shapiro-Wilk and Levene statistics, respectively. Both assumptions were 
found to be satisfied (P > 0.05). Accordingly, a two-way (load x group) analysis of 
variance (ANOVA) was used to assess the variation of scores. If the assumption of 
sphericity was not met the Greenhouse-Geisser correction was used. Partial 
correlation coefficients were calculated to provide an estimation of the contribution of 
maximal velocity (at 20% 1RM) and 1RM to power at the load that optimised power 
(50, 80 and 80% 1RM for BP, SQT and BOR, respectively). For all partial 
correlations, the variables not being analysed were controlled for (e.g. the 
relationship between maximal velocity and power, controlling for 1RM. Effects sizes 
(ES) for velocity and power output were determined using Cohen’s d, calculated as 
the difference between the means divided by the pooled standard deviation of the 
two groups (20). The practical significance of the findings was quantified as: trivial 
<0.2, small 0.2-0.59, moderate 0.6-1.19, large 1.2-1.9, and very large >2.0 (20). All 
data analyses were performed in SPSS (Version 21, IBM SPSS Inc, Chicago, Il.) 
 
 
RESULTS 
Biometric measures and training history 
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Mean body mass was not different between groups (P > 0.05, ES = 0.31), though the 
young group had a higher fat-free mass (t(38) = 2.6, ES = 0.85) and lower fat mass 
(t(37.9) = 3.0, ES = 0.96) compared to the middle-aged group (P < 0.05). A group x 
exercise type interaction was noted for 1RM (F(1.4, 50.8) = 6.4, P < 0.05), with the 
middle-aged group being weaker (P < 0.05) in each exercise, particularly the SQT (-
27.7%), than the young group (Table 1). 
 
[Table 1 about here] 
 
The middle-aged group had regularly resistance-trained longer than the young group 
(t(19.4) = 4.8, P < 0.05, Table 2), but there was a trend for the middle-aged group to 
conduct their training with a lower weekly frequency (2 = 8.1, P < 0.05) and shorter 
session duration (2 = 18.9, P < 0.05). Additionally, the middle-aged group typically 
resistance-trained to improve strength and health, whilst the young group trained 
solely for hypertrophy and strength gains (2 = 13.9, P < 0.05). 
 
[Table 2 about here] 
 
Peak velocity  
For BP, the group (F(1, 38) = 10.5, P < 0.05, ES = 1.7 to 0.0) and load (F(2.1, 79.4) = 
943.4 P < 0.05) effects reflected mean values that were greater for the young group, 
and decreasing as load increased; Figure 1A. The load x group interaction (F(2.1, 79.4) 
= 14.1, P < 0.05) revealed narrowing group differences as intensity increased, 
whereby effects were small and trivial from 60% 1RM onwards. Similar patterns of 
variability to BP were observed for both the SQT and BOR exercises, albeit the 
 12 
group differences were consistently greater across all loads, and remained moderate 
and large even at the higher intensities (Figures 1B & 1C) 
 
[Figure 1 about here] 
 
Peak power 
As expected from the velocity data, the group effect on BP peak power (F(1, 38) = 
31.4, P < 0.05; Figure 2A) was significant, with the young group producing higher 
values than the middle-aged group at all loads (ES = 1.1 to 2.0). Likewise, the effect 
of load was significant (F(1.8, 65.6) = 943.5, P < 0.05), with peak power being highest 
(optimised) at 50% 1RM in each group, though the interaction effect was not (P > 
0.05). The patterns of peak power values for the SQT and BOR exercises were 
similar to each other, reinforcing the aforementioned group and load effects seen for 
bench press. However, distinctive for these two exercises was the optimised values 
occurring at the highest loads (80% 1RM), and significant (P < 0.05) load x group 
interactions reflecting (generally) group differences widening with increasing 
intensities (Figures 2B & 2C). 
 
[Figure 2 about here] 
 
Total peak power was significantly higher in the young group compared to the 
middle-aged group during BP (3996.7 ± 707.3 and 2969.3 ± 623.6 W, respectively, 
t(38) = 3.4, P < 0.05), SQT (6597.8 ± 1452.5 and 4197.5 ± 1090.4 W, respectively, t(36) 
= 5.9, P < 0.05) and BOR (4798.3 ± 1031.4 and 3493.6 ± 745.3 W, respectively, t(38) 
= 4.9, P < 0.05). Moreover, an interaction effect (group x exercise) was observed for 
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total power with the magnitude of the differences being greater between the groups 
for SQT and BOR (ES = 2.0 and 1.6, respectively) compared to BP (ES = 1.1; Figure 
3). 
 
[Figure 3 about here] 
 
Partial correlations 
For BP exercise in the young group only, 1RM was significantly correlated (Table 3) 
with optimal power output (r = .863, P < 0.05) when controlling for velocity, whereas 
correlations for both velocity and 1RM were strong and significant in the middle-aged 
group (r = .846 and .782, respectively, P < 0.05). Both velocity (r = .591) and 1RM (r 
= .614) were moderately correlated with optimal power output during SQT exercise in 
the middle-aged group (P < 0.05), while in the young group these correlations were 
moderate (r = .653) and strong (r = .877), respectively, during SQT exercise (P < 
0.05). During BOR, optimal power output in the young group was only related to 
1RM (r = .725, P < 0.05) whilst both velocity and 1RM was strongly correlated to 
power output in the group (P < 0.05). 
 
[Table 3 about here] 
 
 
DISCUSSION 
This is the first study to provide a comprehensive cross-sectional analysis of the 
load-velocity and load–power relationships in young and middle-aged athletes who 
regularly resistance-train. Importantly, these findings indicate that middle-aged, 
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resistance trained males are unable to achieve the high velocities and power outputs 
during multi-jointed resistance exercises produced by younger counterparts.  
 
Despite between-group similarities in body mass, the middle-aged athletes had a 
lower fat-free mass and a higher fat-mass than the younger athletes. These age-
associated differences in body composition are expected and well documented (11, 
36). As skinfold assessment reflects subcutaneous fat, differences between age 
groups are probably explained by more intra-muscular adipose tissue (18) present in 
the middle-aged group, and their training history, typically incorporating shorter and 
less frequent resistance training sessions. This idea of a lower training volume would 
reflect the documented age-associated increases in time spent involved in other 
activities, such as working (45) and family-related responsibilities (42). Moreover, the 
middle-aged males chose resistance training to maintain health and strength, 
whereas the younger males tended to train this way to increase strength and 
hypertrophy. Such differences in training goal orientation between groups have also 
been noted among Masters athletes who reported training for ‘general health’ and 
‘weight concern’ (32).  
 
As expected, the middle-aged group was weaker than the young group for all three 
exercises. These differences in muscle strength are similar to those noted previously 
for both the upper (11, 17, 21) and lower body (11, 17, 21), and likely explained by 
age-associated differences in muscle quality (16) and motor unit number (10) and 
activation (24). The aforementioned training focus of the two groups is again 
pertinent, with the younger group’s specific concern being that of improving strength 
(and hypertrophy) and, unlike the middle-aged group, not health. As adaptations to 
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resistance training appear to be specific to the type of training regularly performed 
(9), it is unlikely that the middle-aged group optimised strength gains from their 
health-related training. This difference in training approach in the middle-aged group 
might explain the lower velocities and power outputs achieved in this group, that is, 
they do not train specifically to increases these components. 
 
For all exercises and loads except 60 to 80% 1RM BP, the young group produced 
higher barbell velocities than the middle-aged group. Although only Valour et al. (44) 
generated statistics in the same manner as the current study (ES = 0.98 for maximal 
velocity elbow flexion), statistical differences between age groups have been 
documented in upper-body pushing (21), lower-body (1, 25, 36) and upper-body 
pulling exercises (43). Although not measured in this study, it is plausible that the 
age-associated differences in fascicle length (28, 29), reduced ATPase activity (25) 
and changes in contractile properties (i.e. increased slow myosin heavy chain 
content; 44) which contribute to maximal velocity contractions, contributed to the 
poorer performance of the middle-age group. Indeed, the small to non-effects at 60 
to 80% 1RM BP might be explained by the low movements velocities exhibited by 
both groups. That is, the mechanisms noted above might not be sufficient to induce 
these age-associated differences when movement velocities are very low. That there 
were differences in barbell velocities between the groups during SQT and BOR at 60 
to 80% 1RM, when the average barbell velocities were higher (111.9 ± 16.0 to 132.6 
± 18.0 and 110.9 ± 23.6 and 137.4 ± 21.8 cm·s -1 for SQT and BOR, respectively) 
than BP (66.6 ± 16.1 to 103.6 ± 16.3 cm·s -1), would support this notion.  
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Power output during BP, SQT and BOR was superior in the young athletes, with 
moderate to very large differences between groups. Whilst Allison et al. (1) and Jozsi 
et al. (23) have noted very large (ES = 1.86) for leg press, and small to moderate 
effects (0.23 to 0.95) for seated arm pull between young and old groups, many more 
studies have observed statistical differences between young and older groups during 
upper-body pushing (11, 21) lower body (11, 21, 36) and upper-body pulling 
exercises (2, 11, 43). As for velocity (above) such discrepancies in power can be 
explained in terms of reduced calcium release (35), fascicle length, and subsequent 
force production (28, 29), and an impaired motor unit activation and number (10, 24). 
That the effects between age groups in the current study were greater for power than 
velocity (for all exercises) suggests that the lower strength of the middle-age athletes 
more likely accounted for their lower power outputs than barbell velocity.  
 
The greater between-group differences observed in lower-body total power and 
strength than upper-body sits well with prior literature reporting site-specific strength 
and power disparities (11, 26, 31). Though the phenomenon is not particularly well 
understood, it has been suggested that during daily living lower-body movements are 
supplemented by upper-body contributions (e.g. using the upper-body to rise from a 
chair; 27) and the lower-body undergoing more severe changes in muscle contractile 
units (e.g. decreases in the specific tension of type 1 and 2 fibres; 25) and 
connective tissues (e.g. increases in fat and connective tissue; 26). Practically, these 
site-specific differences in strength and power suggest that middle-aged athletes 
may need to undertake methods to offset such differences. 
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For BP, strength was strongly correlated (r > 0.84) with power output in both young 
and middle-aged groups, reaffirming the work of others (3, 4). However, unlike 
previous research, velocity was strongly correlated with power output only in the 
middle-aged group. This suggests that higher power production in upper-body 
pushing exercise in middle-aged males is achieved from greater strength and higher 
barbell velocity, whereas in the young group higher power is achieved via greater 
strength only. For SQT exercise, strength was highly (r = 0.877) and moderately (r = 
0.614) correlated with power output in the young and middle-aged athletes, 
respectively, and reaffirms previous findings among young (4) and older populations 
(7, 8). Power output illustrated a moderate relationship with velocity in both groups 
during SQT exercise. It appears that the middle-aged group is equally reliant on 
strength and velocity when producing power during SQT exercise. Thus, it would be 
appropriate for both young and middle-aged males to focus increasing on both 
strength and barbell velocity to increase their power. For BOR, strength formed a 
strong relationship with power in both the young and middle-aged groups (r = 0.725 
and 0.711, respectively). The reason for the non-significant correlations between 
velocity and power in the young group, but strong correlations in the middle-aged 
group, is unclear but does indicate that to increase power middle-aged athletes 
require improvements in both strength and velocity. Collectively, this correlation data 
supports the notion that to produce high power, individuals must first be relatively 
strong (3). It has been noted that in older populations (~71 year olds) that high-
velocity power training to be more effective than low-velocity/high-strength training 
(38). Thus, middle-aged athletes would benefit from adopting a training approach 
which maximises both strength and velocity adaptations. 
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PRACTICAL APPLICATIONS 
Though a cross-sectional design, this study provides a comprehensive analysis of 
the load-velocity and load–power relationships exhibited during three popular 
exercises among resistance-trained young and middle-aged males. These data 
indicate that in comparison to younger athletes, middle-aged athletes were unable to 
achieve high barbell velocities at low external resistances. Moreover, power during 
BP, SQT and BOR was particularly diminished in the middle-aged group. These 
impairments in velocity and power might explain some of the age-associated 
decreases in sporting performance previously reported in middle-aged athletes. 
Given the strong relationships between strength and velocity with power in the 
middle-aged group, such athletes should undertake specific training methods to 
improve both components. 
 
 
 
REFERENCES 
 
1. Allison, SJ, Brooke-Wavell, K and Folland, JP. Multiple joint muscle function with 
ageing: the force–velocity and power–velocity relationships in young and older 
men. Aging Clin Exp Res, 25: 159-166, 2013. 
2. Aoki, H and Demura, S. Age differences in hand grip power in the elderly. Arch 
Geron Geriatr, 52: e176-e179, 2011. 
3. Baker, D. Comparison of upper-body strength and power between professional 
and college-aged rugby league players. The J Strength Cond Res, 15: 30-35, 
2001b. 
4. Baker, D and Nance, S. The relation between strength and power in professional 
rugby league players. The J Strength Cond Res, 13: 224-229, 1999. 
 19 
5. Baker, AB and Tang, YQ. Aging performance for masters records in athletics, 
swimming, rowing, cycling, triathlon, and weightlifting. Exp Aging Res, 36: 453-
477, 2010. 
6. Batterham, AM and George, KP. Reliability in evidence-based clinical practice: A 
primer for allied health professionals. Phys Ther Sport, 4: 122-128, 2003. 
7. Bean, JF, Kiely, DK, Herman, S, Leveille, SG, Mizer, K, Frontera, WR and 
Fielding, RA. The relationship between leg power and physical performance in 
mobility‐limited older people. J Amer Geriatr Soc, 50: 461-467, 2002. 
8. Bean, JF, Leveille, SG, Kiely, DK, Bandinelli, S, Guralnik, JM and Ferrucci, L. A 
comparison of leg power and leg strength within the InCHIANTI study: Which 
influences mobility more? J Geron Ser A: Bio Sci Med Sci, 58: M728-M733, 2003. 
9. Buckner, SL, Dankel, SJ, Mattocks, KT, Jessee, MB, Mouser, JG, Counts, BR 
and Loenneke, JP. The problem of muscle hypertrophy: Revisited. Musc 
Nerve, 54: 1012-1014, 2016. 
10. Campbell, MJ, McComas, AJ and Petito, F. Physiological changes in ageing 
muscles. J Neuro Neurosur Psychia, 36: 174-182, 1973. 
11. Candow, DG and Chilibeck, PD. Differences in size, strength, and power of upper 
and lower body muscle groups in young and older men. J Geron Ser A: Bio Sci 
Med Sci, 60: 148-156, 2005. 
12. Cormie, P, McGuigan, MR and Newton, RU. Developing maximal neuromuscular 
power: Training considerations for improving maximal power production. Sports 
Med, 41: 125-146, 2011. 
13. Delbono, O, O'rourke, KS and Ettinger, WH. Excitation-calcium release 
uncoupling in aged single human skeletal muscle fibers. J Memb Biol, 148: 211-
222, 1995. 
 20 
14. Faul, F, Erdfelder, E, Lang, AG and Buchner, A. G*Power 3: A flexible statistical 
power analysis program for the social, behavioral, and biomedical sciences. Beh 
Res Meth, 39: 175-191, 2007. 
15. Fernandes, JFT, Lamb, KL and Twist, C. The intra- and inter-day reproducibility 
of the FitroDyne as a measure of multi-jointed muscle function. Isokin Ex Sci, 24: 
39-49, 2016.  
16. Frontera, WR, Hughes, VA, Fielding, RA, Fiatarone, MA, Evans, WJ and 
Roubenoff, R. Aging of skeletal muscle: a 12-yr longitudinal study. J App 
Physio, 88: 1321-1326, 2000a. 
17. Frontera, WR, Hughes, VA, Lutz, KJ and Evans, WJ. A cross-sectional study of 
muscle strength and mass in 45-to 78-yr-old men and women. J App Physio, 71: 
644-650, 1991. 
18. Goodpaster, BH, Carlson, CL, Visser, M, Kelley, DE, Scherzinger, A, Harris, TB, 
Stamm, E and Newman, AB. Attenuation of skeletal muscle and strength in the 
elderly: The Health ABC Study. J App Physio, 90: 2157-2165, 2001. 
19. Haff, GG and Nimphius, S. Training principles for power. Strength Cond J, 34: 2-
12, 2012. 
20. Hopkins, WG. Spreadsheets for analysis of controlled trials, with adjustment for 
subject characteristics. Sportscience, 10: 46-50, 2006. 
21. Izquierdo, M, Gorostiaga, E, Garrues, M, Anton, A, Larrion, JL and Haekkinen, K. 
Maximal strength and power characteristics in isometric and dynamic actions of 
the upper and lower extremities in middle-aged and older men. Acta Physio 
Scand, 167: 57-68, 1999. 
22. Jackson, AS and Pollock, ML.  Practical assessment of body-
composition. Physici Sports Med, 13: 76, 1985. 
 21 
23. Jozsi, AC, Campbell, WW, Joseph, L, Davey, SL and Evans, WJ. Changes in 
power with resistance training in older and younger men and women. J Geron 
Ser A: Bio Sci Med Sci, 54: M591-M596, 1999. 
24. Kamen, G, Sison, SV, Du, C and Patten, C. Motor unit discharge behavior in 
older adults during maximal-effort contractions. J App Physio, 79: 1908-1913, 
1995. 
25. Larsson, L, Li, X and Frontera, WR. Effects of aging on shortening velocity and 
myosin isoform composition in single human skeletal muscle cells. Amer J Physio 
- Cell Physio, 272: C638-C649, 1997. 
26. Lynch, NA, Metter, EJ, Lindle, RS, Fozard, JL, Tobin, JD, Roy, TA, Fleg, JL and 
Hurley, BF. Muscle quality. I. Age-associated differences between arm and leg 
muscle groups. J App Physio, 86: 188-194, 1999. 
27. Macaluso, A and DeVito, G. Muscle strength, power and adaptations to 
resistance training in older people. Euro J App Physio, 91: 450-472, 2004. 
28. Morse, CI, Thom, JM, Birch, KM and Narici, MV. Changes in triceps surae 
muscle architecture with sarcopenia. Acta Physio Scand, 183: 291-298, 2005. 
29. Narici, MV, Maganaris, CN, Reeves, ND and Capodaglio, P. Effect of aging on 
human muscle architecture. J App Physio, 95: 2229-2234, 2003. 
30. Narici, MV, Reeves, ND, Morse, CI and Maganaris, CN. Muscular adaptations to 
resistance exercise in the elderly. J Musculo Neuronal Interact, 4: 161-164, 2004. 
31. Nogueira, FRD, Libardi, CA, Vechin, FC, Lixandrão, ME, de Barros Berton, RP, 
de Souza, TMF, Conceicao, MS, Traina, MP and Chacon-Mikahil, MPT. 
Comparison of maximal muscle strength of elbow flexors and knee extensors 
between younger and older men with the same level of daily activity. Clin 
Intervent Aging, 8: 401-407, 2013. 
 22 
32. Ogles, B and Masters, K. Older vs. younger adult male marathon runners: 
participative motives and training habits. J Sport Beh, 23: 130-143, 2000. 
33. Office for National Statistics. National population projections: 2010-based 
statistical bulletin. Retrieved November, 2016, from 
http://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/p
opulationprojections/bulletins/nationalpopulationprojections/2015-10-29. 2014. 
34. Pantoja, PD, De Villarreal, ES, Brisswalter, J, Peyré-Tartaruga, LA and Morin, JB. 
Sprint acceleration mechanics in master athletes. Med Sci Sports Exe, 48, 2469-
2476, 2016. 
35. Payne, AM and Delbono, O. Neurogenesis of excitation-contraction uncoupling in 
aging skeletal muscle. Ex Sport Sci Rev, 32: 36-40, 2004. 
36. Petrella, JK, Kim, JS, Tuggle, SC, Hall, SR and Bamman, M. Age differences in 
knee extension power, contractile velocity, and fatigability. J App Physio, 98: 211-
220, 2005. 
37. Reynolds, JM, Gordon, TJ and Robergs, RA. Prediction of one repetition 
maximum strength from multiple repetition maximum testing and 
anthropometry. J Strength Cond Res, 20: 584-592, 2006. 
38. Sayers, SP and Gibson, K. High-speed power training in older adults: A shift of 
the external resistance at which peak power is produced. J Strength Cond 
Res, 28: 616-621, 2014. 
39. Sleivert, G and Taingahue, M. The relationship between maximal jump-squat 
power and sprint acceleration in athletes. Euro J App Physio, 91: 46-52, 2004. 
40. Siri, WE. The gross composition of the body. Advan Bio Medl Phys, 4: 239-279, 
1956. 
 23 
41. Stock, MS, Beck, TW, DeFreitas, JM and Dillon, MA.  Test–retest reliability of 
barbell velocity during the free-weight bench-press exercise. J Strength Cond 
Res, 25: 171-177, 2011. 
42. Tanaka, H and Seals, DR. Endurance exercise performance in Masters athletes: 
age‐associated changes and underlying physiological mechanisms. J of 
Physiology, 586: 55-63, 2008. 
43. Toji, H and Kaneko, M. Effects of aging on force, velocity, and power in the elbow 
flexors of males. J Physio Anthrop, 26: 587-592, 2007. 
44. Valour, D, Ochala, J, Ballay, Y and Pousson, M. The influence of ageing on the 
force–velocity–power characteristics of human elbow flexor muscles. Exper 
Geront, 38: 387-395, 2003. 
45. Weir, PL, Kerr, T, Hodges, NJ, McKay, SM and Starkes, JL. Master swimmers: 
How are they different from younger elite swimmers? An examination of practice 
and performance patterns. J Aging Phys Act, 10: 41-63, 2002. 
 
ACKNOWLEDGEMENTS 
The authors would like to thank Ashley Armstrong and Christopher Quinn for their 
assistance with the data collection process. There are no conflicts of interest. 
 
 
 
 
 
 
 
 24 
 
 
 
 
 
 
Figure 1. Load-peak velocity relationships in young and middle-aged males during 
bench press (A), squat (B) and bent-over-row (C) exercises. (Values in italics 
indicate effect sizes; ES). 
 
Figure 2. Load-peak power relationship in young and middle-aged males during 
bench press (A), squat (B) and bent-over-row (C). (Values in italics indicate effect 
sizes; ES) 
 
Figure 3. Total peak power in young and middle-aged males during bench press, 
squat and bent-over-row exercises. (Values in italics indicate effect sizes; ES). 
 
 
Table 1. Biometric characteristics of the young and middle-aged groups  
Table 2. Training characteristics of the young and middle-aged groups 
Table 3. Partial correlations for velocity (controlling for 1RM) and 1RM (controlling 
for velocity) with optimal power. 
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